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Description 



PYRUVATE ENRICHED ONION EXTRACT 

Background of Invention 

[0001] The present invention relates to an antioxidant extract 

derived from onion bulbs as well as a process for prepar- 
ing the antioxidant extract and uses for the antioxidant 
extract. 

[0002] Considerable attention has been focused in recent years 
on the negative health effects of free radicals. These un- 
stable, reactive substances can cause severe damage to 
the cell structure. Generation of free radical species be- 
yond the antioxidant capacity of a biological system gives 
rise to oxidative stress. There is evidence that oxidative 
stress plays a role in heart diseases, neurodegenerative 
disorders, cancer and the aging process. Therefore, low- 
ering oxidative stress in bodily tissues by maintaining a 
healthy level of antioxidants can slow down or prevent the 
onset of these diseases. In addition, antioxidants are used 
as preservatives during food manufacture to minimize 
peroxidation of food lipids. 



[0003] Antioxidants can protect food and membrane lipids by 

several means, but most important is their ability to neu- 
tralize free radicals that propagate self-catalyzed chain- 
reactions. Neutralization occurs when an antioxidant do- 
nates either an electron or a hydrogen atom to the free 
radical. In this process, antioxidant itself becomes a free 
radical, but the free electron is stabilized by resonance or 
condensation. Both flavonoids and keto-acids have these 
functionalities. 

[0004] plant materials contain many different antioxidant com- 
pounds. Plant-derived antioxidants, such as tocopherols, 
ascorbic acid and flavonoids are important dietary antiox- 
idants that may protect humans against free radical- 
mediated diseases. Onions are a rich source of keto-acid 
antioxidants such as pyruvic acid and flavonoids such as 
quercetin and kaempferol. 

[0005] a variety of plant-derived antioxidants are commercially 
available. These include extracts of garlic, Gingko biloba, 
berries, rosemary, sage, thyme, soybean, tea, oregano and 
the like. In addition, various types of onion extracts are 
available commercially, but these extracts are intended for 
use as flavoring agents and no attempt has been made to 
enrich their antioxidant, primarily pyruvate, content or 



apply them for this content. 

[0006] Considerable research has been carried out on the antiox- 
idant capacity of pyruvate. At one time, it appeared that 
natural antioxidants such as vitamins A, C, E and various 
minerals were thought to hold great promise in combating 
free radicals, but now it appears they are only marginally 
effective. Pyruvate, however, has been proven in studies 
on mammals to be both a free radical scavenger and in- 
hibitor. This is significant because there are various sub- 
stances that supposedly act as free radical scavengers in 
the body, but pyruvate is unique in that it also acts as an 
inhibitor to the production of these reactive species. 

[0007] a major function of pyruvic acid is energy release as it is 
instantly incorporated into the catabolic pathways for en- 
ergy such as the Krebs" cycle. In fact, pyruvate is one of 
the intermediate products of glucose metabolism for en- 
ergy, and is consequently a more instant source of energy 
than even glucose. Besides this obvious importance of 
pyruvate, its supplementation is reported to confer health 
benefits such as improved eye health, enhanced en- 
durance, weight loss, inhibition of ischemic heart and in- 
testinal injury, decrease in osteoporosis, lowering of 
blood glucose levels in diabetes and inhibition of cancer- 



ous tumors. 

[0008] Pyruvic acid is a three-carbon oc-keto-acid with antioxida- 
tive activity, which has been shown to be active in eye 
health, especially in the prevention and treatment of age- 
related disorders such as cataract and glaucoma. It is be- 
lieved to help in scavenging of free radicals, prevention of 
lipid peroxidation in the retina, and prevention of glyca- 
tion of the eye lens. 

[0009] a cataract is the clouding of the lens of the eye, which re- 
duces the amount of incoming light and results in deteri- 
orating vision. Many factors influence vision and cataract 
development including age, sunlight and nutrition. The 
aging lens suffers metabolic changes that may predispose 
it to cataract development. Some of this occurs due to low 
supply of oxygen and nutrients, which leave the eye vul- 
nerable for free radical damage. According to a 1983 re- 
port from the National Academy of Science, cataracts are 
initiated by free-radical hydrogen peroxide found in the 
aqueous humor. Free radicals such as hydrogen peroxide 
oxidize glutathione and destroy the energy-producing 
system of the eye and allow leakage of sodium into the 
lens. Water follows the sodium, and the edema phase of 
the cataract begins. Then, body heat oxidizes (cooks) lens 



protein in the eye, and it becomes opaque and insoluble 
(similar to egg protein). 
[0010] Free radicals reside in the aqueous fluid and bathe the 

lens of the eye, destroying enzymes that produce energy 
and maintain cellular metabolism. Free radicals also break 
down fatty molecules in membranes and lens fibers, gen- 
erating more free radicals and creating a cross-linking 
(denaturing or breakdown) of the laminated-like structural 
proteins inside the lens capsule. The lens capsule has the 
ability to swell or dehydrate. In doing so the increase and/ 
or decrease in pressure can cause breaks in the lens fiber 
membranes, resulting in microscopic spaces in the eye in 
which water and debris can reside. Glycation 
(glycosylation) of proteins has been shown to play a 
prominent role in the development of diabetic cataract 
formation and retinopathy. The glycosylation process also 
occurs as a result of general aging. This mechanism is 
also responsible for glaucoma, a major cause of age- 
related vision loss, which is also triggered off by oxidative 
stress. 

[001 1] The antioxidant activity of pyruvate and its effectiveness 
in cataract prevention and alleviation has been demon- 
strated through several animal studies and laboratory re- 



search. 

[0012] Pyruvate is commercially available in capsule and powder 
form, as well as in bars and drinks. Methods of produc- 
tion, which require technical expertise and sophisticated 
equipment, include biofermentation and biochemical syn- 
thesis. The stability and bioavailability of pyruvate in the 
end-product are also crucial and are important factors to 
consider. Pure pyruvic acid is highly unstable and strongly 
acidic. Pyruvic acid in salt form is more stable and neutral. 

[0013] Bioavailability of pyruvic acid is low in the free acid form. 
Purified salts of pyruvic acid are also not physiologically 
suitable. Amino-compounds containing pyruvate such as 
pyruvylglycine lead to excessive nitrogen loads. Also, 
flooding plasma with glycine may interfere with the trans- 
port of some amino acids across the blood-brain barrier. 
Accordingly, these pyruvate compounds are less suited to 
treating an organ in vivo, and it is recognized that a need 
exists to provide a pyruvate delivery compound that is 
more physiologically acceptable. 

[0014] Therefore, there is a need in the art for compositions 

comprising stable, bioavailable, physiologically acceptable 
and economic sources of pyruvate. 
Summary of Invention 



[0015] | n the present invention, pyruvate content of a plant ex- 
tract has been enhanced but no attempt has been made 
for total purification so that it can be present in its natural 
milieu where it may be much more bioavailable and sta- 
ble. Also, the presence of other antioxidants such as the 
flavonoids, quercetin and kaempferol, will result in a rein- 
forcing of the antioxidant activity. This process of en- 
hancing pyruvate content in plant extracts is novel and 
these extracts can be used to deliver pyruvates inexpen- 
sively to the consumers, as either nutraceutical or func- 
tional food ingredients, or both. 

[0016] Therefore, in one aspect, the invention may comprise a 
method of producing an antioxidant composition, com- 
prising the steps of: 

[0017] (a)macerating tissue from plants of the genus Allium and 
incubating the tissue at a temperature less than about 
30°C; 

[0018] (b)neutralizing the macerated tissue with an alkaline hy- 
droxide or an alkali-earth hydroxide; 
[° 019 ] (c)drying the tissue; 

[0020] (d)grinding the tissue; 

[0021] (e)extracting the tissue with ethanol; and 



[0022] (f)evaporating the ethanol to recover a solid residue com- 
prising pyruvate. 

[0023] Preferably, the plant is selected from the group consisting 
of Allium cepa and Allium sativum . The tissue may be defat- 
ted after drying using a suitable solvent such as hexane. 

[0024] | n another aspect, the invention may comprise a pyruvate- 
enriched plant extract as prepared by a method described 
or claimed herein. 

[0025] | n another aspect, the invention may comprise a plant ex- 
tract derived from tissue from plants of the genus Allium 
enriched in pyruvic acid by at least 100%. 
Brief Description of Drawings 

[0026] The invention will now be described by way of an exem- 
plary embodiment with reference to the accompanying 
simplified, diagrammatic, not-to-scale drawings. In the 
drawings, Figure 1 is a schematic representation of one 
embodiment of the present invention. Figure 2 is a stan- 
dard curve for known amounts of pyruvate in a sample. 
Detailed Description 

[0027] The present invention provides for a method of enhancing 
antioxidant levels in an extract derived from plants of the 
genus Allium. When describing the present invention, all 



terms not defined herein have their common art- 
recognized meanings. As used herein, "pyruvic acid" and 
"pyruvate" are used interchangeably and mean a three- 
carbon organic acid having the following structure: 



[0028] p| an t of the genus Allium include various varieties of 

onions, Allium cepa, and garlic, Allium sativa. Onions are re- 
ported to have high pyruvate levels and are a preferred 
source of antioxidants. Garlic bulbs are also known to 
have relatively high pyruvate levels and are also rich in 
antioxidants. In intact onion bulb tissue, low levels of 
pyruvic acid are naturally present as it is an intermediate 
of the glycolytic pathway. The major pyruvic acid genera- 
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tion in onion tissue however, occurs enzymatically, in re- 
sponse to tissue damage (e.g. by maceration) through the 
activity of alliinase. The amount of pyruvic acid so gener- 
ated is directly dependent upon the extent of enzyme ac- 
tivity and can therefore be maximized by providing the 
optimal conditions for these enzymes. Concentration 
techniques may then be used to enhance the yield. 

[0029] Figure 1 shows the scheme for extraction of antioxidants 
from an Allium plant. Peeled onion bulbs are macerated 
and incubated. In a preferred embodiment, the macerated 
tissue is incubated at ambient temperature or less for at 
least about 5 minutes. In one embodiment, the tissue is 
incubated at 4°C for 30 minutes. During incubation, 
pyruvate is generated by enzymatic activity. After incuba- 
tion, macerated onions are neutralized with an alkali or 
alkali-earth hydroxide, dried, defatted, and ground. The 
dried onion powder is then subjected to extraction with 
95% ethanol at a temperature not exceeding about 60 °C 
for up to about 2 hours. The ethanol ic extracts are rotary 
evaporated and the residue suspended in distilled water. 
This "crude extract" is suction-filtered and further sub- 
jected to membrane microfiltration. 

[0030] The extraction steps yield a concentrated extract that is 



water-soluble, quenches the formation of ABTS 
^^'-azino-bisp-ethylbenzathiazoline-G-sulfonic acid) 
free radicals, reduces pre-formed ABTS radicals and has 
oxygen radical absorbance capacity. The extract also pos- 
sessed antioxidant activity which was was detected invitro 
via quinone reductase induction in murine hepatoma cells. 

[0031] Fresh onions are known to have pyruvate content in the 
range of 0.25 0.50 g per kg of onion. After maceration 
and incubation, the pyruvate content rises to at least 
about 0.70 g per kg. Therefore, enrichment of pyruvate in 
the extract over that in fresh onions is at least about 
100%, preferably about 140% and more preferably may be 
as high as 250% or higher. The extract is characterized by 
pyruvate content in the range of about 1-7 % by weight. 
The flavonoids (0.2-0.3%) present include quercetin and 
kaempferol. The other known constituents of the extract 
include 10.5% proteins and 53% sugars. 

[0032] As used herein, "enriched in pyruvic acid" means that the 
extract contains more pyruvic acid than the fresh onion 
tissue had prior to being processed. For example, if 1 kg 
of fresh onions containing 0.25 g of pyruvic acid results in 
an extract containing 0.50 g of pyruvic acid, then the ex- 
tract is enriched by 100%. 



[0033] Tests for stability determination confirmed that pyruvates 
in this form are more stable than pyruvic acid. Results 
showed that pyruvate loss, with or without added hydro- 
gen peroxide, is 3% as compared to 11% and 26% loss ob- 
served for pyruvic acid with and without added hydrogen 
peroxide, respectively. 

[0034] The ability of the extract to inhibit the formation of free 
radicals is described in terms of its ability to reduce ABTS 
radicals. The extract has a 34% inhibitory effect at an as- 
say concentration of 454 ug/mL. The ability of the extract 
to quench pre-formed ABTS radicals is 41% at a similar 
assay concentration. 35% of oxygen radicals generated in 
an assay system could be neutralized by the bioactive ex- 
tract. 

[0035] induction of the antioxidant enzyme, quinone reductase, a 
representative biomarker of cellular defense system, in 
mice hepatocytes was determined invitro. Bioactive ex- 
tracts at a dose of 509 ug per 10000 cells resulted in a 
more than 6-fold increase in the enzyme activity com- 
pared to the control devoid of antioxidants. At this dose, 
the cytotoxicity of the extracts was within the acceptable 
limits (cell survival rate of > 50%). 

[0036] Thus, this bioactive extract could be applied towards anti- 



aging disorders as well as other ailments where the basic 
disruptive mechanism arises due to oxidation processes. 
It can be formulated in capsule forms as a dietary supple- 
ment or as a component of functional foods such as may- 
onnaise, bars or other foods. 

[0037] The invention is further illustrated by the following exam- 
ples, which are intended to be exemplary and not limiting 
of the claimed invention. 

[0038] EXAMPLE I: PREPARATION OF THE EXTRACT 

[0039] ( a ) Enhancement of pyruvate production in situ 

[0040] Onions (1 kg) were refrigerated overnight, peeled, cut in 
half and crushed in a food processor. Crushed onions 
were incubated in an ice bath (4 °C) and at 25 °C for dif- 
ferent durations. Sodium hydroxide was added to neutral- 
ize the slurry, mixed well and dried at 20 °C for 48 h. 
Dried onion was then defatted using hexanes and any 
residual hexane was evaporated. Defatted onion was then 
ground to a fine powder and subjected to extraction with 
95% (v/v) ethanol at 50 OLE_LINKl°C for 2hOLE_LINKl. 
Liquid extracts were filtered under suction. The resultant 
ethanol ic filtrate was rotary evaporated and the pyruvate 
concentration of the residue was determined. 



[0041] Table 1 shows the pyruvate yield of residues obtained un- 
der different incubation conditions. About 2 to 3-fold en- 
hancement in pyruvate yields could be obtained by incu- 
bation at 4 °C for 30 min. 



Table 1: Pyruvate yield as a function of incubation conditions 



Incubation time (min) 


Pyruvate yield (mg) 


4°C 


25 °C 


5 


222 


160 


15 


314 


190 


30 


369 


182 


45 


354 


ND 


60 


374 


ND 



[0042] (ty Effect of extraction solvent and time 

[0043] Defatted onion was produced as in (a) above, ground to a 
fine powder and subjected to extraction with either 100 or 
95% (v/v) ethanol at 50 °C for varying time periods. Liquid 
extracts were filtered through under suction. Ethanolic fil- 
trate was rotary evaporated and the extract concentrated. 

[0044] Table 2 shows the pyruvate yield of residues obtained us- 
ing different extraction conditions. 



Table 2: Effect of extraction condition 



Solvent 


Extraction time 
(min) 


Pyruvate (mg) 


Percent of initial 
pyruvate extracted 


1 A AO / r:+/AXT 

100% EtOH 


30 


136.9 




95% EtOH 


30 


386.4 


67 


95% EtOH 


60 


486.4 


84 


95% EtOH 


120 


579.1 


100 



[0045] ( c ) Eff ec t 0 f neutralization agent 

[0046] Ethanolic filtrate was produced as in (a) above from Gouw 
Quality white onions using 1.005 N sodium hydroxide and 
1.0 N calcium hydroxide for neutralization of separate 
batches. This was subjected to rotary evaporation at 40 °C 
to remove ethanol, followed by microfiltration of the di- 
luted residue under suction with 0.2 urn Nalgene cellulose 
acetate membrane unit. The resulting permeate was again 
subjected to rotary evaporation at 50 °C to remove excess 
water. The residue from this is referred to herein as the 
"onion extract". 

[0047] Results of neutralization with different agents are shown 
in Table 3. While the pyruvate yield was the same, the 
amount of extract obtained was less when sodium hy- 
droxide was used, albeit with a higher pyruvate concen- 
tration as compared to when calcium hydroxide was em- 



ployed. 



Table 3: Effect of neutralization agent 





NaOH 


Ca(OH) 2 


Pyruvate in fresh onion (g/kg) 


0.273 


0.273 


Pyruvate in onion extract (g/kg onions) 


0.719 


0.709 


Pyruvate cone in onion extract (wt%) 


1.83 


1.38 


Amount of onion extract (g/kg onions) 


13.067 


16.089 


Enrichment of pyruvate (%) 


264.2 


260.4 



[0048] EXAMPLE II: CHARACTERIZATION OF THE EXTRACT 
[0049] ( a ) Total pyruvate content 

[0050] Solutions were prepared by dissolving onion extracts in 
water. A series of aqueous standard solutions containing 
pyruvic acid at 0, 0.026, 0.052, 0.104, 0.207, 0.414, 
0.829 and 1.66 mg/mL were used to determine the stan- 
dard curve. 

[0051] o.5 ml_ from each solution was transferred separately into 
50 ml_ centrifuge tubes and allowed to stand for 10 min. A 
1.5 ml_ aliquot of aqueous trichloroacetic acid (TCA, 5%, 
w/v) was added into each tube, vortexed and to this, 18 
ml_ of distilled water was further added. Tubes were vor- 
texed and a 1 ml_ aliquot transferred into 10 ml_ screw- 
capped test tubes. 1 ml_ of 0.0125% 
2,4-dinitrophenylhydrazine (prepared in 2N hydrochloric 



acid) was then added into each tube, along with 1 ml_ of 
distilled water and vortexed. Tubes were then heated for 
10 min at 37 °C. 5 ml_ of 0.6N sodium hydroxide was 
added into each tube, vortexed and the absorbance of the 
resulting brick-red complex was measured at 420 nm. 

[0052] Absorbance values of samples were compared against 

standard values and concentration of samples calculated. 
2-3 fold yields of pyruvate were obtained in the final ex- 
tract as compared to the initial onions through the opti- 
mized processing scheme. A typical standard curve is 
shown in Figure 2. 

[0053] (b) Determination offlavonoids 

[0054] Fresh onion juice, and the pyruvate-enriched extract were 
subjected to acid hydrolysis in order to facilitate the liber- 
ation of bound flavonoids from flavonoid glycosides. 

[0055] Extract (1.5 ml_) in a screw-capped vial was mixed with 

0.5 ml_ of 6N hydrochloric acid, heated at 95 °C for 30 min 
and 1 ml_ of distilled water was added. Ethyl acetate (1 
ml_) was added into the vial, vortexed and the organic 
layer separated. This was repeated twice more. Pooled 
ethyl acetate layer was dried under a stream of nitrogen, 
residue dissolved in 3 ml_ of 50% (v/v) acetonitrile, 0.2 urn 
cartridge filtered and submitted to HPLC. Quercetin and 



kaempferol in the extract were quantified using standard 
curves prepared for authentic quercetin and kaempferol. 
[0056] Quercetin content in fresh onion juice and microfiltered 
extract was 0.05 and 0.20 (%w/w), respectively, while 
content of kaempferol was 0.003 and 0.02 (%w/w, respec- 
tively. 

[0057] EXAMPLE III: ANTIOXIDANT ACTIVITY 
[0058] ( a ) inhibition (%) ofABTS radical generation 

[0059] All reagents used in this assay were prepared in phos- 
phate buffered saline (PBS, 10 mM, pH 7.4). Sample solu- 
tions were prepared in PBS. 

[0060] 100 ul_ of 2.5 mM ABTS 

(2-2'-azino-bis(3-ethylbenzathiazoline-6-sulfonic acid), 
180 uL of 50 uM metmyoglobin, 790 uL PBS and 10 uL of 
onion extract (final assay concentration of 454 ug/mL) 
were mixed in a disposable cuvette. Reaction was trig- 
gered by the addition of 120 uL of 10 mM hydrogen per- 
oxide. Absorbance data of the reaction mixture were 
recorded after 10 min using a spectrophotometer set at 
734 nm. Quercetin was used as a reference antioxidant. 

[0061] inhibition (%) ofABTS radical generation was calculated 
using the following equation:% inhibition = [(Abs 

control 



Abs )/Abs ]*100Table IV shows the typical data 

sample control 

obtained for standard quercetin and the onion extract. 



Table 4: Inhibition (%) of ABTS Radical Generation 



Component concentration 


% inhibition 




5 mg/mL 


10 mg/mL 


20 mg/mL 


PBS (Control) 


0 


0 


0 


Quercetin* 


23 


23 


23 


Onion extract 


16 


18 


34 



* Concentration was 0.005 mg/mL 

[0062] (ty Total reducing power 

[0063] ABTS radical was generated by mixing 5 ml_ of an aqueous 
ABTS solution (7 mM) and 88 uL of a potassium persulfate 
solution (140 mM), followed by the standing in the dark 
for 6 h. This stock solution (1.1 ml_) was diluted to 90 ml_ 
with PBS (pH 7.4) and the absorbance adjusted to 0.83. 
Test solution (10 ul_, final assay concentration of 454 ug/ 
ml_) and PBS (pH 7.4, 190 uL) were transferred into a dis- 
posable cuvette and the assay was started by addition of 1 
ml_ of the pre-formed ABTS radical. Absorbance at 734 
nm was measured after 10 min. Quercetin was used as a 
reference antioxidant. Total reducing power (TRP, %) was 
calculated using the following equations: 



TMW + PBS (%) = [(AbSonrin- Abs 10 mm)/ Abs 0m in]*100 
TRPsample = (TRPsample + PBs) - TRP con trol 

Typical results are shown in Table 5. 

Table 5: Total reducing power 



Component concentration 


%TRP 


5 mg/mL 


10 mg/mL 


20 mg/mL 


PBS (Control) 


0 


0 


0 


Quercetin* 


30 


30 


30 


Onion extract 


13 


20 


41 



* Concentration was 0.005 mg/mL 

[0064] ( c ) Oxygen radical absorbance capacity (ORAC) 

[0065] a solution of 2,2 , -azobis-(2-amidinopropane) dihy- 

drochloride (AAPH, 0.5 M) was prepared in degassed dis- 
tilled water and a p-carotene solution was prepared by 
centrifuging 10 mg of P-carotene in 10 ml_ of acetone fol- 
lowed by a one-fold dilution of the supernatant with the 
same solvent. P-carotene (60 uL) and 0.6% (w/v) phos- 
phate buffered Tween 20 containing 0.3% (w/v) of linoleic 
acid (120 ul_) were mixed with 935 uL of PBS in a quartz 
cuvette and incubated for 2 min at 50 °C. 10 ul_ of sample 
solution (final assay concentration of 454 ug/ml_) and 
AAPH (25 ul_) were added into the cuvette and the reaction 
was monitored for 10 min using a spectrophotometer set 
at 452 nm. Quercetin was used as a reference antioxidant. 



Cuvette was maintained at 50 °C all times except when the 
measurement is being taken. Percentage p-carotene re- 
tention was calculated using the following equation: 

% p-carotene retention = 100 - [(Absomin - Abssmin) *100/ Abs 0m in] 

Typical results are shown in Table 6. 

Table 6: ORAC in terms of p-Carotene retention 



Component concentration 


%TRP 


5 mg/mL 


10 mg/mL 


20 mg/mL 


PBS (Control) 


28 


28 


28 


Quercetin* 


55 


55 


55 


Onion extract 


25 


35 


38 



* Concentration was 0.005 mg/mL 
[0066] EXAMPLE IV: BIOACTMTY AND TOXICITY IN MICE HEPATOCYTES 

[0067] This assay used Hepa lclc7 murine hepatoma cells cul- 
tured in two 96-well microtitre plates. One plate was used 
for the quinone reductase (QR) assay while the other was 
for the total protein measurement. Each plate containing 
10,000 cells in Minimum Essential Medium (MEM)-well 
was incubated for 24 h, emptied and then 200 ul_ of seri- 
ally diluted onion extract (final concentration of 0-1108 
ug/well) in MEM were added into the wells. In each plate, 
there were two lanes of wells devoted to a no-cell blank 
and a cell control of test materials. Wells in these two 



lanes contained MEM in place of test materials. After incu- 
bating for 48 h, the wells of one plate were emptied and 
the cells were lysed using 50 uL of 0.08% (w/v) aqueous 
digitonin solution. The plate was then incubated for 20 
min in a shaker incubator at 37 °C and removed from the 
incubator. A 150 uL aliquot of an aqueous assay reagent 
containing fetal bovine serum (0.066%; w/v), Tris-CI 
(2.5%, v/v), Tween 20 (0.67%, v/v), flavin-adenine dinu- 
cleotide (FAD, 0.67%, v/v), glucose-6-phosphate (0.1 
%w/v), nicotinamide adenosine diphosphate (NADP; 0.002 
%w/v), glucose-6-phosphate dehydrogenase (0.0007 
%w/v), 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetra- 
zolium bromide (MTT, 0.03 %w/v), menadione (0.0008 
%w/v) and acetonitrile (0.1 %v/v; used to prepare mena- 
dione solution) was added into each well. The absorbance 
of the reduced tetrazolium dye was measured after a 
5-min period using an optical microtiter plate scanner set 
at 490 nm. 

[0068] The second plate was emptied, 200 uL of crystal violet so- 
lution transferred into each well. After 10 min, the plate 
was rinsed under cold running water to remove excess 
stain. A 200 uL aliquot of 0.5 % (w/v) of sodium dodecyl 
sulfate (SDS) solution (prepared in 50% aqueous ethanol) 



was added into each well and the plate was incubated for 
1 h in a shaker incubator set at 37 °C. Plate was removed 
and the absorbance of the crystal violet was measured at 
562 nm. The degree of staining as reflected by the ab- 
sorbance values of crystal violet was used as a measure of 
cell density. 

[0069] For a given test material, the QR specific activity as in- 
duced by test compounds was calculated using both the 
absorbance value at 5 min in the QR assay and the ab- 
sorbance value of crystal violet assay. Ratio of QR specific 
activity was the ratio between treated and control. 

[0070] Typical results are shown in Table 7. Onion extract was 

considered safe at a dosage level of 509 ug and it became 
toxic at the 1108 ug, dose. It induced the expression of QR 
by several folds in a concentration-dependant manner. 
LD50 was estimated to be 2.545 mg/mL, corresponding 
to pyruvate and flavonoid concentrations of 0.819 mg/mL 
and 0.0056 mg/mL, respectively. 



Table 7: Cell assay data* 



Dose (jig) 


Ratio of QR specific activity 
(treated/control) 


Ratio cell density 
(treated/control) 


0 






2 


1.00 


1.00 


4 


1.07 


0.97 


8 


1.12 


0.97 


16 


1.17 


0.96 


32 


1.22 


0.98 


64 


1.52 


0.92 


127 


1.93 


0.91 


254 


2.45 


0.90 


509 


3.95 


0.82 


1108 


6.60 


0.49 




toxic 


0.19 



• mean value of 8 replicates, error within 5% 

[0071] As will be apparent to those skilled in the art, various 

modifications, adaptations and variations of the foregoing 
specific disclosure can be made without departing from 
the scope of the invention claimed herein. The various 
features and elements of the described invention may be 
combined in a manner different from the combinations 



described or claimed herein, without departing from the 
scope of the invention. 
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